Abstract: (MIC, 12.5mg/ml), 12.17 ±1.38mm (MIC, 12.5mg/ml), 5.06 ±1.17mm (MIC, 25mg/ml); P. guineense: 1.53 ±0.59mm (MIC, 50mg/ml), 6.34 ±1.19mm (MIC, 25mg/ml), 3.41 ±1.03mm (MIC, 12.5mg/ml) and C. pilosa: 2.14 ±0.69mm (MIC, 50mg/ml), 1.72 ±0.60mm (MIC, 50mg/ml) 
Introduction
Methicillin-resistant Staphylococcus aureus (MRSA) is a strain of the bacterium S. aureus. It is characterized by antimicrobial resistant to methicillin and many other chemotherapeutic agents (1). MRSA causes skin, soft tissues and invasive infections (2, 3, 4) . The treatment of these infections has become more problematic since MRSA is increasingly resistant to as many as twenty different antimicrobial compounds. These include the biocides that represent most of the available drug classes (5) . MRSA infections have now become a major public health concern and its prevalence is also increasing globally (6) .
Long before mankind discovered the existence of microbes, the idea that certain plants have healing potentials and that they contained antimicrobial properties was well accepted. These plants constitute an effective source of both traditional and modern medicines (7, 8) . In Nigeria where there is a low access to basic primary health care in many parts of the country, consumers' preference for consultations with traditional herbal practitioners is increasing. Therefore, the medicinal plants used in traditional medicine need to be investigated for a better understanding of their properties, safety and efficiency (9) .
Bryophyllum pinnatum is a member of the family Crassulaceae. In southern Nigeria, it is used to facilitate the dropping and healing of placenta wound of newly born babies. It is also used for the treatment of ear-ache, cough, diarrhea, dysentery, abscesses, ulcers, insect bites, epilepsy, heart-troubles, arthritis and wounds (10, 11) .
Ageratum conyzoides (Linn.) is a small herbaceous plant in the family Asteraceae. It has antibacterial, anti-inflammatory, wound healing, spasmolytic, antitumour, and allelopathic activities (12, 13, 14, 15, 16) .
Curculigo pilosa (Schum and Thonn.) belongs to the family Hypoxidaceae. In Nigeria, the use of the rhizomes include treatment of leaukemia, gonorrhea and cough (11, 17) .
Preparation of plant materials
The leaves, seeds and rhizomes of the plants were thoroughly washed with tap water to remove adhering dirt. The rhizomes were cut into pieces and all the plant materials were air-dried for several days. The dried samples were ground into powder using a clean mortar, pestle and a grinding machine (Chelmsford, England), weighed and kept in air-tight containers for further use.
Aqueous extraction of plant samples
A weight of 1.5 kg of each powdered plant material was macerated with distilled hot water in a blender. Each extract was filtered and the process repeated until all soluble compounds had been extracted as judged by loss of colour of the filtrates. The filtrates were further filtered with sterile filter paper (Whatman no. 1) into conical flasks and transferred into the sample holder of the rotary vacuum evaporator (Cole-Parmer, Japan) where the extract was concentrated to dryness at a temperature of 100 0 C and then air-dried to constant weight (29) . The extracts were sterilized under UV light for 2-3 hours before refrigerated at 4 0 C for further use (20, 30) .
Ethanol extraction
The same procedure of extraction as above was done with 70 % ethanol and each extract was concentrated to dryness in a rotary vacuum evaporator at 40 0 C and then air-dried to constant weight. The extracts were sterilized and refrigerated at 4 0 C for further use (30).
Hexane extraction
The same procedure as above was done with redistilled hexane (Kermel) and the extracts were concentrated to dryness at 40 0 C, sterilized and refrigerated at 4 0 C.
Phytochemical Screening
The aqueous, ethanol and hexane extracts were screened using standard phytochemical methods (31, 32)
Screening of plant extracts for anti-MRSA activity
The plant extracts were screened for anti-MRSA activity using the agar well diffusion technique. Mueller Hinton agar plates were prepared and with a sterile cork borer of 10 mm diameter, six wells were bored at equidistant after inoculation on each plate a standardized inoculum of 1-2 x 10 8 cfu/ml (compared with 0.5 McFarland standard) of the isolate each. The 5 th and 6 th wells served as positive and negative controls. Sterile distilled water in the case of soluble extracts and dimethyl sulfoxide (Kermel) for insoluble extracts of the plants served as the negative controls. Ciprofloxacin (1 mg/ml; Sigma-Aldrich, China) was used as the positive control. Each plant extract was reconstituted with sterile distilled water (dimethyl sulfoxide was also used for insoluble extracts) and serially diluted using double-fold dilution. A 0.2 ml of each prepared concentration of the plant extracts was aseptically introduced into wells 1-4. The plates were left on the table for 40 minutes for pre-diffusion, followed by an overnight incubation at 37 0 C. Zones of inhibition were measured in millimeters (33) . The minimum inhibitory concentration (MIC) in mg/ml in this study was taken as the lowest concentration of each extract that inhibited the isolates (20).
Statistical analysis
The data generated were analyzed using non-parametric and parametric T-test, analysis of variance and Duncan's multiple range tests which were used to establish significant differences where applicable. Statistical package for Social Sciences (SPSS), version 20.0 was used.
III. Results
The seven selected Nigerian medicinal plants tested against eight MRSA isolates were: Ageratum conyzoides, Bryophyllum pinnatum, Piper guineense, Curculigo pilosa, Peperomia pellucida, Ocimum gratissimum and Chromolaena odorata. All the isolates showed resistant to 25 and 50 mg/ml of ethanolic and aqueous extracts of A. conyzoides, B. pinnatum, P. pellucida and O. gratissimum. For C. odorata, 75 % (6/8) of the isolates showed susceptibility at 50 mg/ml and 62.5 % (5/8) at 25 mg/ml for both the ethanolic and aqueous extracts. For P. guineense, 75 % (6/8) were susceptible at 50 mg/ml and 12.5 % (1/8) at 25 mg/ml for both extracts. For C. pilosa, 37.5 % (3/8) were susceptible at 50 mg/ml only for the two extracts (Table 1) . These three plants (C. odorata, P. guineense and C. pilosa) with anti-MRSA activities (Table 1) were selected for further analysis.
The weight of C. odorata, P. guineense and C. pilosa used was each 1.5 kg before each extraction. The percentage yield after extraction with hot distilled water was highest for C. odorata with 9.0 % (135 g), followed by P. guineense with 8.1 % (121.5 g) and least for C. pilosa with 2.1 % (31.5 g). When extracted with 70 % ethanol, the percentage yield was highest for C. odorata with 11.2 % (168 g), followed by P. guineense with 10.1 % (151.5 g) and least for C. pilosa with 3.0 % (45 g). For hexane plant extracts, the percentage yield was highest for P. guineense with 18.1 % (271.5 g), followed by C. odorata with 12.1 % (181.5 g) and least for C. pilosa with 1.0 % (15 g) ( Table 2) .
Phytochemical analysis was carried out on the aqueous, ethanolic and hexane extracts of the three plants (Table 3) . Carbohydrates, reducing sugars, saponins, tannins, alkaloids, steroids and flavonoids were present while anthraquinone and cyanogenetic glycosides were absent in the aqueous and ethanolic extracts of the three plants. Only steroid was present in the hexane extracts of the three plants.
The aqueous, ethanolic and hexane extracts of C. odorata, P. guineense and C. pilosa were tested for antibacterial activities on eleven (7 MRSA and 4 MSSA) S. aureus isolates in triplicates at varying concentrations of 12.5 -100 mg/ml. The control strain S. aureus NCIB 8588 was included (Table 4) . For the aqueous extracts of the three plants, the mean value for C. odorata was the highest with 9.29 ± 1.25mm, 2.14 ± 0.69mm for C. pilosa and 1.53 ± 0.59mm for P. guineense. The least MIC value for C. odorata was 12.5 mg/ml while 50 mg/ml for C. pilosa and P. guineense. 
C. o = C. odorata; P. g = P. guineense; C. p = C. pilosa; + = positive; -= negative There was a highly significant difference between the antibacterial activity of C. odorata to C. pilosa and P. guineense (p < 0.01). There was no significant difference between the activities of C. pilosa and P. guineense (p > 0.05). For the ethanolic extracts of the three plants, the mean values were: 12.17 ± 1.38mm, 6.34 ± 1.19mm and 1.72 ± 0.60mm and the least MIC values were: 12.5 mg/ml, 25 mg/ml and 50 mg/ml for C. odorata, P. guineense and C. pilosa respectively. There were significant differences in the activities of the three plants (p < 0.05). The mean values for the hexane extracts of C. odorata and P. guineense were 5.06 ± 1.17mm and 3.41 ± 1.03mm with least MIC values of 25 mg/ml and 12.5 mg/ml respectively. There was significant difference in activities between C. odorata and P. guineense hexane extracts (p < 0.05). C. pilosa hexane extract showed no activity. Table 5 shows the susceptibility of MRSA and MSSA to the aqueous, ethanolic and hexane extracts of the three plants. There was no significant difference in the activities of the extracts of the three plants between MRSA and MSSA isolates (p > 0.05).
IV. Discussion
A progressive increase in the prevalence of MRSA all over the world has been reported (34) . The prevalence of MRSA in Nigeria usually varies between 33.3 % and 71.2% (35, 36, 37, 38) . MRSA is not only resistant to methicillin but also increasingly to as many as twenty different antimicrobial compounds including various biocides, representing most of the available drug classes (5) . Therefore, there is a need to search for new, effective, cheap and easily affordable drugs in the management of MRSA infections.
In this study, the preliminary screening for anti-MRSA activity with seven medicinal plants showed resistance (no zone of inhibition) with aqueous and ethanolic extracts of A. conyzoides, B. pinnatum, P. pellucida and O. gratissimum at 25 mg/ml and 50 mg/ml. However, there were activities with C. odorata, P. guineense and C. pilosa at the same concentrations. This agrees with the previous study of Okwulehie and Akanwa, (39) who reported that the ethanolic extract of the leaves of A. conyzoides did not inhibit the growth of S. aureus at 12.5 mg/ml and 25 mg/ml while the activity at 50 mg/ml was poor. On the contrary, the report of Akinyemi, et al., (7) stated that the aqueous and ethanolic extracts of A. conyzoides showed minimum inhibitory concentration (MIC) of 71 mg/ml and 43 mg/ml respectively. Also, Okwonri, et al., (33) reported antibacterial activity of A. conyzoides on S. aureus at 100 -12.5 mg/ml.
For B. pinnatum, the result observed in this study agrees with the report of Akinsulire, et al., (40) who stated that the minimum inhibitory concentration (MIC) of aqueous extract of the plant leaves on S. aureus was 128 mg/ml while Obiukwu and Nwanekwu, (41) reported that the ethanolic extract of the leaves gave activity at 100 mg/ml on S. aureus.
P. pellucida showed no activity at 25 and 50 mg/ml in this study. This agrees with the report of Mensah, et al., (42) who stated that 100 mg/ml aqueous extract of the leaves of P. pellucida had no activity while the ethanolic extract of the same concentration inhibited S. aureus weakly.
O. gratissimum showed no activity also at 25 and 50 mg/ml in this study. This observation disagrees with the finding of Nwinyi, et al., (20) who reported that the MIC of aqueous and ethanolic extracts of the leaves of the plant on S. aureus were 10 mg/ml and 2.5 mg/ml respectively while Akinyemi, et al., (7) reported MIC of 25 mg/ml and 22.3mg/ml respectively. However, the result of this study agrees with the finding of Adebolu and Oladimeji (43) who reported that only the steam distillation extract of O. gratissimum leaves inhibited the growth of S. aureus. They concluded that only the oil from the leaves has antibacterial activity and the resistance of bacteria to the extracts of O. gratissimum may be due to the high volatibility of the oil leading to the escape or evaporation of the oil during boiling. Okigbo, et al., (29) also reported that the inactivity of plant extracts may be due to the age of the plant, extracting solvents, methods of extraction and the time of harvesting plant materials.
In this study, the anti-MRSA activity of the aqueous extract of C. odorata was significantly higher (p < 0.01) than that of P. guineense and C. pilosa. For C. odorata, the least MIC value was 12.5 mg/ml which inhibited 9.1 % of the MRSA isolates but 50 mg/ml for P. guineense and C. pilosa which inhibited 18.2 % and 9.1 % of the isolates respectively. The anti-MRSA activity of the ethanolic extract of C. odorata was also significantly higher (p < 0.05) than that of P. guineense and C. pilosa. The least MIC value was 12.5 mg/ml which inhibited 27.3 % of the MRSA isolates for C. odorata but 25 mg/ml and 50 mg/ml for P. guineense and C. pilosa which inhibited 18.2 % and 9.1 % of the isolates respectively. The anti-MRSA activity of the hexane extract of C. odorata was also significantly higher (p < 0.05) than that of P. guineense even though the least MIC value was 25 mg/ml for C. odorata and 12.5 mg/ml for P. guineense. The mean value for C. odorata (5.06 ± 1.17 mm) was significantly higher than that of P. guineense (3.41 ± 1.03 mm). No anti-MRSA activity was observed for the hexane extract of C. pilosa in this study. These observations disagree with the findings of Sukanya, et al., (44) and Nwinyi, et al., (20) who reported that the MIC values of the aqueous extracts of C. odorata and P. guineense were 1 mg/ml and 10 mg/ml respectively for S. aureus isolates. Ojo, et al., (45) and Natheer, et al., (46) reported that plant samples collected from different geographic origins with different climates and vegetations show different antibacterial activities.
For the ethanolic extracts, the result in this study disagrees with the findings of Nwinyi, et al., (20) and Sukanya, et al., (44) who reported that the MIC values of ethanolic extracts of C. odorata and P. guineense were 4 mg/ml and 10 mg/ml respectively. However, it agrees with the report of Adebayo-Tayo, et al., (47) who reported an activity of C. pilosa on S. aureus at 40 mg/ml.
In comparison, the mean value 12.17 ± 1.38 mm (at MIC of 12.5 mg/ml) of anti-MRSA activity of the ethanolic extract of C. odorata was the highest of the aqueous, ethanolic and hexane extracts of the three plants in this study. However, statistical analysis showed no significant difference (p > 0.05) between the ethanolic and aqueous extracts of C. odorata. The weak anti-MRSA activities of hexane extracts of C. odorata and P. guineense are in agreement with the report of Rojas, et al., (48) .
Analysis of the chemical components of the three plants revealed that the aqueous and ethanolic extracts of the three plants contained the same phytochemical constituents which were: saponins, tannins, alkaloids, steroids and flavonoids in this study. The hexane extracts of the three plants revealed the presence of steroids only. These findings agree with the reports of Igbo, et al., (49) . However, they reported the presence of cyanogenetic and cardiac glycosides which were absent in this study. Therefore, the aqueous and ethanolic extracts of the three plants contained many bioactive compounds which have been reported by Adebayo-Tayo, et al., (47) to contribute to the antimicrobial potentials of plants. The weak activities of hexane extracts of C. odorata, P. guineense and no activity for C. pilosa could be due to the presence of only steroids. Nwabueze and Okocha, (50) and Das, et al., (51) reported that hexane is used as a solvent to extract non-polar constituents of plants by several workers to obtain antimicrobial crude extracts. In particular, P. guineense followed by C. odorata hexane extracts gave the highest yields of extractable substances in this study. This observation indicates that hexane extraction is a good method for the extraction of steroids in the three plants used in this study.
V. Conclusion
The comparative anti-MRSA activities of seven selected Nigerian medicinal plants were determined. A. conyzoides, B. pinnatum, P. pellucida and O. gratissimum showed no MRSA activities while C. odorata, P. guineense and C. pilosa showed activities. However, the aqueous and ethanolic extracts of C. odorata were considered the most efficacious of the seven medicinal plants. This suggests a need to isolate and evaluate the active constituents of C. odorata which can be used for the development of novel chemotherapeutic agents for the effective treatment of MRSA infections.
